Abstract-The atomic diffusion in liquid Na, K, Cs, Mg, Al, In and Pb have been evaluated from the well-known Einstein's
INTRODUCTION
Diffusion is the transport of mass from one region to another region on an atomic scale. It is caused by random molecular motion that leads to complete mixing [1] . Liquid state are much diffusive than the solid state. In metals, there is a high atomic mobility just above their melting temperatures, and this is one of the most characteristic properties of liquids. The study of diffusion in liquid metals is of great interest because of various scientific and technological reasons. The transport properties of liquids together with structural and thermodynamic information can provide experimental basis for theories of the liquid state [2] .
Transport properties like viscosity and diffusion coefficient of liquidsare correlated by Stokes-Einstein relation. Thus the self-diffusion coefficients can be used for calculating other transport coefficients like shear viscosity [3] . In recent years different scaling laws relating the equilibrium thermodynamic properties, excess entropy with dimension less transport coefficients have been reported by many authors [4] [5] [6] [7] . Dzugutov [4] proposed a universal scaling relationship between the excess entropy of a liquid and the diffusion coefficient which is one of the important scaling law, which links the dynamic behavior of liquid parameters with microscopic reducing parameters and then excess entropy. The excess entropy of a system is the total entropy minus the ideal gas contribution. This work represents another test of the mentioned scaling law with square well (SW) model under Random Phase Approximation (RPA).
THEORY
D is evaluated from the well-known Einstein's formula,
Here ξ is the friction coefficient experiences by the atoms of same kind. We feel that the pair wise interaction would have significant role in the determination of D and hence ξ of liquid metals has been computed on the basis of Helfand-Rice-Nachtrieb approach using square well model. Details calculations have been reported elsewhere [8] so it will not be repeated here. ξ is the combination of reference, soft and soft-reference part. Here, the reference part is the hard sphere potential.
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Dzugutov [4] defined the reduced diffusion coefficient, and we modified for SW liquids as
Here, Γ is collision frequency which is a microscopic reducing parameter. Thus we define the Γ for SW liquids in terms of g(r) as
Here, r max and g(r max ) are first peak position and value of pair correlation function respectively, the value of those for liquid metals were calculated and reported in previous work [8] and will not be repeated here, m is the mass of diffusing species in atomic unit, ρ n is the number density and other symbols have their usual meanings.
To calculate the excess entropy of liquid metals, The Dzugutov's scaling law [4] has been modified by Yokoyama [9, 10] and it can be given as An important surface property of liquids i.e. the surface tension, γ for series of liquid metals has been studied [8] however its temperature derivative is obtained by temperature coefficient of D [11] .
Where the temperature derivative of friction coefficient ξ can be given as (for details please see Ref. 11)
The surface entropy of pure liquid at constant volume is defined as [10] [11] [12] 
We also derive the structure factor in long wavelength limit, S(0), through equation of state for SW potential in random phase approximation [13] 2 3
Here,
h πσ r πσ rb hb b
S(0) is an important parameter to evaluate various properties of liquid state [14] .
where h is called packing fraction i.e. volume occupied by the atoms divided by total volume and is given by 
RESULTS AND DISCUSSION
The WT solution of PY hard sphere fluid with SW perturbation was solved under RPA for considered liquids with input parameters like temperature, T, atomic density, ρ n . The SW parameters of liquid metals along with their working temperature and number density are listed in Table 1 , which are taken from Ref. 8 . Previously reported diffusion data [8] of the considered liquids were employed to determine scaled diffusion, D * and excess entropy using Eqns. (5) to (8) . Γ of liquid metals are calculated by using our recently reported [8] pair correlation function values in line with Rao and Murthy [16] . These values are presented in Table 2 . We modified the Dzugutov scaling law for real liquids in line with Yokoyama approach [9, 10] through which excess entropy, S E were determined. We find from Table 2 that the theoretically obtained values for S E are in consistent with experimental results [9, 10] . The calculated values of h v is also listed in Table 2 with their corresponding experimental values [10] for comparison and hence StokesEinstein relation modified by the first peak position of g(r) instead of hydrodynamic radius works well for SW liquids. Surface tension, γ and its temperature derivatives, S V of condensed matter are important and informative parameters for understanding the material processing technology [17] [18] [19] . The surface tension, γ is related with various transport coefficients of liquids. Computed values of γ with their experimental values [18] are also presented in Table 3 and we find a satisfactory agreement between them. We have also derived the surface entropy of liquids through analytical expression for the temperature derivative of the SW model of D under linear trajectory principle [8] [9] [10] [11] . These results are presented in Table 3 along with their experimental values [18] . It is worth to mention here that the S V for many metallic liquids is not determined even experimentally [18] . We find from Table 3 that in most of the liquid metals values of surface entropy decreases with increasing their atomic size and vice versa. The structure factor in long wavelength limit, S(0), is related to isothermal compressibility of liquid metals. Table 3 shows our computed results for βT using equation of state of SW potential. There is a fair agreement between the computed value and the experimental values [20] [21] [22] . 
CONCLUSIONS
We have reported the various surface and transport properties of liquid metals Na, K, Cs, Mg, Al, In and Pb above their respective melting temperatures. Conclusions drawn from the present work are as follows:
1. We have calculated S E for liquid metals using D data of the SW model. We have estimated η V γ and S V of the considered liquids. The present computed values were compared with their corresponding experimental results and we find the agreement is satisfactory.
2. Structure factor in the long wavelength limit S(0) is derived through equation of state for SW potential. S(0) data were employed to compute isothermal compressibility of liquid metals. We find a good agreement between the computed and experimental values of Isothermal compressibility.
3. The diffusion data obtained from perturbation of SW potential over hard sphere reference system gives a good result for the calculation of various Transport and surface properties of liquid metals.
